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Ai^ M£nfHbi>s oi^i^isMmG ani) iprohgiu]^^ same 

FIELD OP T&E mVEt^mON 
'5 ptt^cDl inveintton geneially relates to imcrodectromc devices. Mo^e 

pattidtiiarly, ti^ inv^oB reMes to programmable Mcroeledidiuc sthacture^ luhable for 
use in intc^grated drdiits. 

B A cKgKovND QF rm tmmm 

10; M^biy devices ark often used in dectrb^c syst^ ax^ cooaputas to store 

iitfohhilioD iothofotbofbini^ lliese inelDOfy devices toay be cbatactcxized into 
various types, eafch type having assodsted vnih it various advantages and disadvantages. 

For exajmple^ random access memory (TRAM^ ^vhich may be found in personal 
conqjdtfers is typically volatile semiconductor memory; in otfaor ^vords, tbe stored data is lost 

i s if the power ^urce is disconnected tfr removed. Dynamic RAM CDRAKT) is particularly 
Vdlaiile in that it nhiA be "refreslied^ (i.e., recharged) every few microseconds in cmler to 
maiiDtain the stored data Static RAM (^SKAKf *) will hold the data after one writing so Jong 
as the pow^ source is. maintained; once the power source is disconnededt^ however, the data 
k lost Thus, m thi^ volatile memory eonfignrations; information is only retained tfo loqg 

20 • as the power to the systeiii is not tiimed off. In geofieral, these RAM devices can take up 
signiiidant chip area aiid thereft>re may be expensive to manuiactare and consilme relatively 
large amounts of enei^ for data storage. Accc^dingly, improved inemoiy devices suitable 
for use in peirs^h^ coinputers and the like are desirable. 
OdMir sioe^fr dcivic^ siidi as 

is . dnd )inag^)^ iqk) ^ 

are liioiK-vblatile^ haVfe cadrefenely higji capacity^ and can be ftftvjdtteQ inany time& 
t&fdrtm^^, these memory devices are pfay»cdlly larg^ are shbci/vibratioo-sensitiv^ 
require expei][Sive ineclraiaic^ drives, and may consume relatively large amounts of powtfl 
n^se ni^live a^ects make such memory deuces rK>n^ideal for low power portable 

30 applications such as lap-top and pakn-top computers, personal digital assistants ^DAs^, 
and the like. 

Due^ at least in part, to a rajndly growing numbers of coinpact, low-power portable 
cbmputd' systdms tn wluch stored inffvmation changes regular)^, low energy readAvrite 
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s»^cbnducUjf m&m^ Pttrthennore^ 
l>el^s& tli^'poit^le i^s^^ ire^aiie daf^ stor^b v^tieb. the pmet is ofl^ wn- 
volatile stoifage disvice are 'd^^ed ((Mr Vise in sucJi ^stesdls. 

Qn& t]^ of i^Dgifaiimfiible seinicoDdoctor ndi^volatile m^oty d^ce si^itab]^ f(»r 
5 trsfc iti iiu^ si^st^DQs b a programmable readK}Qly meixK>ry ("PiLOM^ de?vic^^ One type of 
PkOH a ivdle-oiice inead-tnaiiy C'WORNT) device, uses an anky of fiinble Hnks. Once 
prbgraite^ 

Oth& fbrtns of PRO^ devices iitidude erasable ^KQM (TPWt^ and dectricaOy 
era^ble PHOM CSBPROI^^ devices, IVbidi are alterable after an, initial jnogramnung. 

10 £i4(0MdeW(:%i»stiiierBUyie 

to pirbgrakniiiing the de^ce. Tims, such device ta6 geoearally not tvell Suited for nse in 
portable electronic devices. BEPHOM devices aie generally easier to ptt>grdni, biit suffer 
fit>in other defidei^^s. In particular^ EEtROM devices are relatively con:q>lex, are 
relatively difHcuh to xnaiiiiifactuire, and are relatively large. Furthermore, a circuit including 

is HEPROM. d^ces must wxtbstand the high voltages necessary to program the device. 
ConseqOiBAiEiy; EEPROM cost per bit of memory capadty Is extremely high coinpared ivith 
Other ineaiis of data storage. Anoth^ disadvaiitajge of EEPROM devices is that, ahhoiigh 
thefy can retain daita ivithout having the power source connecticd, th^ jpequire lelativety large 
ainoioitsofpowerto progr^ this power drain can be considerable in a coinpactpo^ 

20 isystem poW^ed by- a battery. 

In view of the various problems associated with conventional data storage defvices 
described abov^ a relatiVdy non-volatile, programmable device which is relatively simple 
anfd ine3q>ensive to piodiice is desired. Farthennore^ this memory technology should meet 
the feqwreni6nts of the new generatioii c^jportable coj^er diefvices by opemibg at a 

25 jTf^th^yiiii^Vbh^^ 

* .-*.'-" ' • '• ' 

SUMMARY O^TiffllN^^ 
The preset invention provides improved mioodectfonic devices for use in 
int^ated circuits. More jrarticularly, the invention provides relatively iKm-volatile^ 
30 programmable devices Mutable for meimory and other integrated drcuits. 

The way^ in vAi^zh the present invention addresses various driawbacks of now-^bxown 
programmable devices sure discussed in greater detiul beJow. However,. in general, the 
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In aticordaiice Tvhh cfiiib fsXessiphry exbb&dimeM of &e present invecftioii, a 
pti(^aifimb]i&s&bctoreiiK;bdes Thestractare 
5 is cabfigiiml such that when a bias is allied across two electrode^ one or moie electrical 
properties of the structure changew In accordance ivith one aspedL of this embodiment^ a 
iiesi^ce across the stiiictufe chaises vAen a bias is ^Ued across the dectiodes. Jn 
accabf dance tvith other aspcicts of this onbodimeDt^ a c^padtance or other dectiical piopef^ 
of tl» structure dtHmges iipon application of a bias across the dectrddes. One or more of 

id . the^dectncalcfaaii^e^ 

fiom ai drcbit ifidiiding the stnictura 

In accojrdaxice .with aiidther esten^>Iaiy obbodiment of the inveiitioii, a im>gra^imab]e 
stnicture includes an ion ccmductor, at least two electrodes, and a barrier interposed between 
at least a ji>oition of one of the electrodes and the ion conductor. In accordance with one 

iS .dspM of this embodU^ the hairier jnaterial includes a material configured to reduce 
dififo^biiofiohs between the ion cdndudtoraiid at 1^ The (fijSiision barrier 

m^y also serve to prevent undesired etectrDdc^sit growth withm a pdition of the structure^ 
In acttxrdance tvith another aj^pect» the baiiier material inchides an ioisolating materiaL 
Inchiaion of an iiifailating material increases the Voltage reqdred to reduce the fcsjstance of 

20 the device. In accordance with yet another aspect of this embodiment, the barrier includes 
ihatenal that conducts ions, but which is telativdy resistaint to the conducticm of electrons. 
Use of SDch material may reduce undesired plating at an electrode and increase the thennal 
stalnlity of tb6 device. 

In aixi^irdaiice with another e&ei^ 

tiie fliSt^tr^ di^pontiftg h layer of ioik conductor itiaficiial over the first electrode^ and 
deposititg cdnduetive mateiial onto the Ion conductor material. In accordance with one 
aspect of this embodiment, a solid sohitioo inchiding the icm conductor and excess 
condoi^e material is formed by dissolving (e,g., via thennal and/or i^Kitodissohition) a 
•30 poitioh of the conductive material in the ion conductor. In accordance with a further aspect, 
only a poxtion of the conductive material is dissolved^ such that a portion crf'the conductive 
material remains oii a smrfaco of the km conductor to fonn an electrode on a surface of the 
Ion conductor material. 
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In acx^^ce ^^vith aobther ^tobodintent of fhe present iiiveid^64 at least a poiticMi of 
: a jMiogiaiianabJe structure is fohoiied ivitbiii a tbrougli-liole or vi^ in an insulalipg material 
in accbrda&K6 one a^>ect of this embodimeiity a first electrode feainre is fc^ined on a' 
si]i&ce of a substrate^ insulating materia] is de^ 

5 a Via is fcwioed within the insulating matenal» aiui a p(»rtton of the |m>grBtafflabie $tmctnre is 
fohned ^nrfthin the via. After the via is foiined within the in.^1ating iflaterial, a pcHtioh of the 
structure wilhb the . via is foiibed by dei>ositiDg an son ccxnductive material onto the 
cbiid&ctfve material, dq>ositing a seccHKt electrode material onto the icm conductive material, 
. arid, if desired, renftyVmg any excess electrode^ i6n conductor^ and^Or insulating material Tn 

10 acc^diaiic^ whh aoiothei diq>ect Of this embodiment^ only the ion condDCtof is formed withui 
the VIA. In tins c^ase^ a first electrode is foixned below the insolatiiig material an in contact 
viiih the ion coifductcM: and the second electrode is ibitned above the insulating material and 
in contact with the ion conductor. The configoration of the via may be ch^ged to ^er (e.g., 
ifi^ce) a contact area between one or more of the electrodes and the ion conductor. 

15 Redudhg the cro5s-seicti(Hial area of the inter&ce between the ion ccmductor and the 
electrode increases the e£Qciency of the device (change in electrical property per ankount of 
power supplied to the device). In accordance with another aspect of this etnbodiment, the 
via may ejctend through the lower electrode to reduce the interface area. t>etween the 
electrode and the ion conductor. In accordance with yet another aspect of this embodinSent, 

20 a portion of the ion conductor inay be removed frcim the via or the ion conductor mat^al 
ihay be diriK^onally dejpdsited into onJy a portion of the via to further reduce an inter&ce 
tyetween an electrode and the ion conductor. 

In accordance with another enj>odimen!t of the inventioii^ a programmable device 
ooia^ be foMied on a surfaee of a subs^ 

. ib adkc^daito a further eicempkiy ^iabodimeiit of the ittveiitioi), muhiide bits of 

tiifoiM 

tiu^ einbodimen^ a ptogra^^ 
two adddioiba] dectrbd^. 

in accof dafiCe with yet another embodiment of the inveiition, nAiltipie programmable 
30 devices ar^ coupl^ together using a common electrode (ag., a coinmbn anode or a common 
cathbde). 

in accordance with yet another esnbodsmenl of the invention, multiple pFOgrammable 
devices share a common electrode. 



T 
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In acco^dante ivitfa ytl a further edcemplaiy einbodiiDest dT tne presesl inventioj^ a 
tstpacjuirtce of a prdgranunable stracture is altered by causing ions tnthtn ah ioH conductor 
of ibe stiuctitfe to jnigratfe. 

TOTRP nFf;r RIPTIOK of THB DRAWINGS 

A more' complete underslbsnding of the pres^ inventioii may be deriveid b^ refening 
to the det^ed descxiption and daidis^ considered in connection with the figure^ ^vriurem 
like reference nutmbors refer to amilar elements throughout the figure^ and: 

Ftgore 1 is a cxoss-^sectional ilbstration of a programmable stroctaOre fonned on a 
siir&ce of d; ^bstrate in accordance with the present ittveitfiosi; 

Figure 2 is a ctoss-sectioDal iUustration of a programmable stiuctuid in accordance 
with an ahernative embodiment of the preseiit invention; 

•Figur^ 3 is a cuirent-VoItage diagram ilhistrating current and voltage characteristics 
of fhie dcndce illustrated in Figure 2 in an "oif and ''off' stat^ 

figure 4 is a cross-sectional iUnstration of a programmable stnicture in accordance 
With yet another oiibbdiment of the preseittt inraition; 

Pijgiire 5 is a schematic illustiiatibn of a portion of a monory device in accordance 
with an exemplary embodiment of the present invention; 

Figure 6 is a schematic illustration of a portion of a uMSdory device in accordance 
with an ahemative embodiment of the present invention; 

Figiires 7 and 8 are a Gross-sectional illustrations of a programmable structure having 
an ion cOnductor/cJectrode contact iirtedace ibnned about a perimeter of the t(m conductor in 
atx:ordknCe with aiR]yther embodiment of tte • 

. Kgorcid 9 and 10 are a cross-secttoiud ilhistsations of a programmable structure 
:h^g.m idii coi^ctbr/eltob^ contact kmhct tamed abc^t a poimeter of th6 i6n 
C(^cRittdbr 

Fig^es 1 1 anti 12 illuistiBie a programmable device having a hoarmmtal configuration 
in acodrdance with the present invention; 

Figores 13-19 illustrate (HOgrammable device stroctnres with reduded dectrode^on 
condttcti»r interlace surface area in accordance with the present invention; 

. Figure 20. illustrates a programmable device with a tapered ion conductor in 
accrardaxice with the present invention; 



wo 0^1542 vcrmsmmise 

iPiguries 21-24 illustrate a iiErogrammable device indafiog a floatmg electrdSde in 
acicdtid&abeiwith the prieseDt inrsrcaitiQa; aod 

Figares 25-29 Hhistrate conunon dectiode ittdgrammable device stxuctiires in 
^coHdsDiiCe'with the present invention. 
5 SkiDed artisans vnH a]^edate that dements in the fignr^ are iUostiated fcr 

. s^ isM clarity and have not necess^tily beeo drawn 16 scale. For exan^l^ the 
SibQl^nsiojQ^ 6f some df the dements in the figures may be exaggerated relative to other 
deii£e»ils to help td iinpixyveiinders^ 

10 nTrjr AH Ttn n EsaaPTibN op exemplar y embodiments 

The pitisent invention g^eraOy rdates to microdectronio devices. More 
p^cdlariy/lhe iiiv^on rdates to })!it>gr 
integrated drdiit apfplications. 

Pigknes 1 and 2 ilhistrate programmable miarodectjomc structures 100 and 200 
15 fotji^ OA a surfece of a substrate 1 10 in accordafx^ %vith an eTtemplary embodiment of the 
presaol iixvcintiolL Structures 100 and 200 inchide dectrddes 120 and 130, an ion conductor 
i40, and optionally indode bufTer or barrier liiyers 155 and/or 255. 

Generally^ stiii&tures 1 00 and 200 are configured such that when a bias greater than a 
thrybbid vohage (VtX discussed Id noore detail h^im, is ajpplied across dectrodes 120 and 
20 130, the d^ctrical prop^es Of structure 100 change. For e^rample^ in accordance \vith one 

mb6diriaient of the iiivention, as a vohage V ^ Vt is appHed across dectrodes 120 and 130, 

conductive ions within ion conductor 140 begin to migrate and form an electrodeposst (e.g,, 
elecftodc^posit 160^ at near the more negative of dectrodes 120 and 130; such an 
. . . dedfckl^sfty. however, is ndt required to practice the present iirventioa The teim 
. 25 y^Aedi^ ^ iSkied Kelrdn ibsds^ aiiy area within ttie io& conduti^ that has ab 
: / iiiiici^a^ of techiced ihetal or oth^ condiictive matenal coni»ar6d to the 

ck>:ikieiitrs£oh of such matenal in the bulk ion conductor mateiiaL As tbe eiectrodeposEit 
fbnns, the resistance between dectrodes 120 and 130 decreases, and other dedncal 
ixrOf^es rnay also change. In the absence of any ii^ating batrieirs; which are discussed in 
30 rnbre detail bdow, the threshold voltage required to grow the dectrodqx>^ from one 
dectrbde toward tbe other and thereby sigruficantly reduce the reastance of the device is 
approximiately the redox potentid of the system, typically a few hundred millivolts. If the 
. same voltage is applied in reverse, the electrodeposit will dissdve back into the ion 
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<^Bdiiclbr abd tlte device ynA xdxitn to a Ingh resistance state. Jn accc^daiice mth other 
'ocbbt>dhiicaits of tKe iiKvtDtio% application of an dectric field betweea electrodes 120 and 
130 may cause ions dissolved tvithin coiuluctor 140 to migrate and thus cause a change in 
the electlical properties of device 1 00, without the framation of an electrod^sit. Stroctores 
iCk) and 200 may be used to sto^e information and thus may be used in mexxK^ drcnits. For 
exainpley structure lOO or other programmable structures in accordance tvith the present 
iiivieDftion may suitably be used in memory devices to rqilace PRAH SRAM, PKOM, 
fiPKOM, or KEPlkOM deuces. In additio% pirogrammable structures of the preseoi 
inv^otion may be lised for other applications where programnung or changing of electrical 
properties df a portion of an electrical cnrcutt are desired. 

Substrate 110 may include any suitable material. For egcample^ substrate 110 inay 
Mclude si^micoikluctive^ conductive^ semiinsulative» insulative material, or any combinaticm 
of such xnat^ials. In accordance with one embodiment of the invendon, substrate 110 
lEfchides an iiisuJating material 112 and a portion 114 including microelectronic devices 
formed on a s^conductor substrate. Layers 1 12 and 114 may be sq)arated by additional 
layers (not shown) soch as> for example, layers t]^cally xiStd to form integrated carcoits. 
Because the programmable structures can be formed over insulating or other materials, the 
programmable structures of the present invention are particularly weU suited for applications 
where substrate (e.g., semiconductor material) space is a premium * 

Electrodes 120 and 130 may be formed of any suitable conductive material. For 
example^ electrodes 120 and 130 may be formed of doped polysilicon material or metal. 

In accordance with one exemplary embodiment of the inv^on» one of electrodes 
120 and 130 is fi>nned of a material including a metal that dissolves in ion conductor 140 

^iien a sufBdient bias (V ^ Vt) is applied aaoss the electrodes (oxidizable electrode) and 
t]^ otli^ ^dctfiode is relatively inert and do^ not dissolve during q>eration Of the 

^6^pranunab)e dc^ce (an indifferent electrode). For escample, eleetrode 120 may be an 
satKfdsb durisig a write process and be comprised of a matcri a! inchiding silver that dissdves in 
ion cctoductor 140 and decfrode 130 may be a cathode during the write faocess and be 
doDiiqprised of ah inert mat^al siich as tungsten^ nickel, molybdenun^ platinum, metal 
salicides^ and the like. Having at least one electrode formed of a material including a metal 
which dissolves in ion conductor 140 facilitates maintaining a desired dissolved metal 
concentration withiii ion conductor 140, which in turn fadlitates rapid and stable 
dectrodq)osit 160 formation within ion conductor 140 or other electrical property change 
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' r d^iibg ^r$txumit itiO aodAMT 200. iPiirtlfi^^ vise of an ib^ imatenal for the olhier 
6l^ibft>dfe (tathode (kfring a ivrite c^eraticni). fedlitates electrocfissohitioD of any 
■ ' : 6itci&odhp<M that may have fonned atid/or rehini of the piognunmable device to an erased 
&^tb dfi£r Bj^piicdtion of a sDffi^^ 
'S;. I^iiidg an cafase Op^tibn, distohition of any electrodqposh that may Imve fonned 

: :p^^ at or near the oxidi2able electrode^decmxlcpoisat inter&ce. Initiai 

!di^kitidii t^f 'tte at the pxidizable dectrbdc/decfinodepoat inter&ce may be 

f^dlBated by foh^i itinitxs^ 100 sacb that Ae resistance of the at the oxidizable 
dectr^df/decbodepcKat interface is greater than the reastance at any other point aloiig the 
10'; deeixodqKi^ pdrdcdlarly, the interface between the dectrodc^at and the indifferent 
eiiscfrode. 

Cbief t¥ay to aiDliie^e rd 

deactrbde of rdStivety ine^ nonKxddizing material such as platinuixL Use of such matedal 
ji^^tto folriiuiti at the interface. between ion conductor 140 and the indifferent 

15: efet^ode as wdl as the formation of compounds or mixtures of the electrode material and 
' }6A GOndiiCtof 14<> InsttenSd, ivhich typically have a lugher r^istance than ion conductcr 140 
br the dikiiode jfiaYeiial. 

RdatiVe^ kfw reaMance at the Indifferent dectrode mdy also be obtained by 
f6jrmij[^ a barrier layer betWe^en the osddiz^ble decitrbde (anode diirii^ .a tvrite ojperationX 
' 20 vWherein the barrier layer is foimdd of material having a relativdy high resistance. 
B^teniplary high resist^ce matcHals include layers (e.g., layer 155 and/or layer 255) of ion 
condudiiig iiiatcSial (e.g:, Ag^O, Ag^S, Ag^jSe, Ag,Te; where x ^ 2, Ag,i, wh^e x ^ 1, 
Gol^j CoO, CuS^ CoSe, Cute, GeC)^, or SiOj) interposed between ion conductor 140 and a 
: Isiyeir saQch aift iii^ Some of these materids have additiond benefits as discussed i^ 

. fKlli^lle gifbWfil afid dissohilion ctf an dectrode^at Can also be fadlit^ by 
pi%yVidn$.a 'itlKgltt^ indifferent dectrode surface (e^g., a root mean sqiiare roui^iness of 
. greSOer than, abbuit 1 nm) at the eJectrodefion conductor intev&ce. The roughened surface 
. . : ibay be fdinded by ini^iiipiilatmg film dq)osition parametm and/or by etdiing a portion of 
^0 one of the dectrode of ion conductor surfaces. During a write operation, rebtively high 
dectticd fidds form about the spikes or peaks of the roughened surface, and thus the 
dectrodqposits are more likely to form about the spikes or peaks. As a result^ jnore reHable 
anid unijform changes in dectricd properties for an sqiplied voltage aaross dectrodes 120 and 
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i3b vsiSf be olitduicfii by i^oviding b rbcigli^ intei^ betweesi die ibdifierenl elecbode 
(caifao^a diid^ c^>efati6n) Smd ioA cotfddctor 140. 

C^dj2abie electrode material may have a tendency to IhentiiaUy dis^lve or di£Euse 
into ion conductor 140^ patticularly during fabrication and/or opc^oB of structure 100. 
'■ 'S^ tbt tibatoal difiuSaon is tindesired because it may rediKie the resistance of structure 100 and 
: tiAteJnEduc^the'i^^ 

T6 tedoc^ ttndesired diilbaon of oridiz^ 
/aiid m ai^dani;^.'m& csinbodtmeaot of the inv^on, the oxidizable electrode 

:jii£hide^ afic^tal iiil^ in a tr^isitkMi mttal sulfide or sdenide material such as 
10 . A^^ffi2)I-x^ ?K^bere jAL i$ Ag or Ci^ B is S or M is a tranation inetal such as Ta, V, and Ti, 
aiid X ranges fibiit abdift 0.1 to abcAit 0.7. lite ixitercdated material nuti^es imdesired 
il^txbal diffosiojft df the nieial (Ag or Cti) into the ion conductof material, While allowing the 
metal to palitiapdte in the electrodei)Osit growth upon application of a sufficient voHage 
across idlectrodfes 120 and 130. For cxiiaplt, whfen silver in intercalated into a TaS2 film, the 
15: TaiSi fihb tain inchide up to abom 66.S atomic percent silver. The Ax(MB2)i.z material is 
. preferably aii^lphous i& previcnt to pr^f^ent undedred difiusioii of the inetal though the 
xtitfterial. The aioorpho^ material may be fonned by, fee ^xample^ physical vapor 
deposition of a target ifiaterial .coiiq>rismg A3^liBa)i.x- 

oc-Agi is ano&er Soitable liufti^al for the oxidizable electrode; as well as the 
'iO ifidi£iek^ el^^ttode. Similar to the A^fiAB2)i.x material discussed above> a-AgI can serve 
as/a source of Ag dcitmg op^ation of structure 100— e.g., upon application of a sufOdent 
bia^ but the silver in the Agl material does not readily thermally diftbse into ion conductor 
. 140. Agji h^ a r^ativbly Km activation energy for conduction of electricity and does not 
xe^iire doping to adneve relatively high conductivity.. When the oxldiz^le electrode is 
2S{ hdiM (# A^ ^iitim of aHvo^ in the Agl layer miy Srise doting (^ex^tKm of strocture 
• I: , iOO» tiiitei^ mess.^^ to fte electrode. One way to plovide the excess alver 

: is U> ibnn a sii^ ky^r adjaceot the Agl layer as c&eassed above wh^ Agl is used as a 
; trnfifer %er. the A^ layer (e:g.,layar 1 55 and/or 255) reduces then^ diffiision of Ag into 
jcfn condijdtor 140, but does not significantly affect conduction of Ag during operation of 
30 structure 100. In addition, use of Agl ino^eases the operational effid^cy of structure 100 
/ because the Agl mitigates non-Faraidaic conduction (conduction of electrons that do not 
partidpate in the electtodiemical reacti 
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■\ oilier matena^ suitable for 155 asd/or 255 iitcbde GeQs asd Si(D^ 

-j^md^ip^tn)^^ an ^wiH ''soak uj)'* silv€r di^mg operadon of device 

1(X]^^ bdt retard ^il)e the^xnal division of ^er to ion condoctor 140,. compared to 
Sbuctiire^ or deVic^ tbat do not include a buffer layer. When ion ccflDtdoctcr 140 includes 
g^flQadjtnDixn, GeOn ixiay be formed by espodng ion conductor 140 to an oxidizing 
loavixtSm^ at ateifiperatint of about 300 X to about BOO ''C or by exposing ion conductor 
'}40 to dn imSsing environmect in tbe presimce of xadiaticm having an energy greater than 
!theb^^}>of^lonc^Oi^ Il)e6eQ2ni^alsobedqx>sttedusii^pli^ 
yajifxr dQ>6attdb (from a GeO^ t^get) or diemical vapor dq>o^on (from GcH^ and an Oi), 

Bolf^ layers can also be used to inoea^ a "write vohageT by placing the buffer 
Ikyer (e-g.^ GtOi or SiO,) biJtweeri ion conductor 140 and the indiOeretit electrode. The 
Inifir^ mattiiial allotvs mietd sucti as silver to difiuse though the buffer and take part in the 
. :eJg(^6cbedut^ reaction. 

tn accordance tvith one embodiment of the invention, at least one electrode 120 and 
130 is foSnfied of inatenaJ citable for use as ah interconnect inetaL For example, electrode 
\i(^'isay ftiabn j^aii of an iilte^cbniiect structure nOitMn a seofiicdiKhlctOr integrated draiit In 
aecordatifce with onb a^4xt of this embodiment^ dectiode 130 is fcmned of a n^aterial that is 
sobsfiititisiUy iiisohible i& material coiqirismg ion conducted 140. Bxen^lary materials 
suitable tc^ both iiitercoimect and de<^trode 130 miataial include metals and CQnq>oands 
i^ch as ttijig^^ nickel^ molybdenum, platinum, metal siliddeSy and the like. 

Layers 155 and/or 255 inay also include a niat^ial that restricts migration of ions 
betwe^ conductor 140 and the electrodes. In accordance with exeinplaiy embodiments of 
:the in^^ojv a biaAier layer includes <a>]idt>cti^g material sudi as titanhun nitride^ titanium 
NtiiEq^t^ftc^ lliebabnermaybeelectdcanyindfiffer^i^ 
k{:^6'{^^ fhhnigli stiuctiire 100 or 200/ bdt it does not itsdf 

' cd^dSteb^ tb iBt^ Anelec^caifyindfiffei^bairiernay 
fahkae iind^i^ d'endrite glfowth during operation of the progrsumnable device^ and thus 
niay fkolitate ah ''erase'* or dissolution of electrodeposit 160 when a bias is applied which is 
opposite to that used to grow the declrodeposit. In addition, use of a conducting barrier 
allows for the '*indiiferenf* electrode to be fonnod of oxidizable nlate^ai because the barrier 
pfeventd diffiisaon of the dectrode material to the ionconductor. 

I<» conductor 140 is fi>rmed of material that conducts ions vpon application of a 
sufficient voltage. Smtable materials for ion conductor 140 include glasses and 
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IS fbtiik^ of cluilei^^ 

:Icd^ c6jEkdtt6Utf 140 may also suitably indude dissolved conductive matoia]. For 
^Qiitipii^ ion dondbetbr 140 ma^ comjnise a solid solution that includes dissolved metals 
"^5 dskl/ca^ s^elal ibns. In accdrdance ^vith one exefiopJaxy embodiment of the invention^ 
.6dBiibfd6r l46..io j^ebil aod/lx metal ions dissolved in chalcogenide glass. An 
'e6»Biji|)laik^ di^cogedde glaiss 

mttol^ a MA sobtion ot As^ut^Ag, 6c^ei.x-Ag, GpSi^t-Ag, As^ux-Ca,, Ge^,t^ 
/OejSii^'^ iit^ from dbont 0.1 to about 0.5 other dolcogeiiide materials 

10' indtiding SitVei; doppfst^ 2ific^ cpmhinatirois of thtise maieiials^ aikd the Hke. In addition, 
ccM^dnttor 140 xnay inchide network modifiers that affects mobility of ions through 
, cdtfthictdr 140. For exstmple;, mat^iiab soch as metals (e,g., alverX halogens, halid^ or 
hydrogen may be added to dmdnctcir 140 to enhaxice ion mobility and thus increase 
erase^viite sp^tds^ of the stnictare. 
is A &>M sdlbrtic^ jstiitiibla for tise^ ion coindiidtor 140 may be ibimed in a variety of 

tirkys. fist a^mf^le;,' the^sdid ^hitimi m^ b& foimcid by depbating a layer of ccmductive 
m^teniil such as i&retai sin ion coiidbctive material siich as duilcogenide glass and 
exposing the metal and glass to thermal abd/bir. photo dissolution processing. In accordance 
Tvith one dd^plary cdiibbdicdent of the inv^on, a solid solution of AsxS^-Ag is formed by 
. 20 d^k^sitingAsjSsOntoasubstiiate^depoa^ 

... thfe fihos toligbt having caiergy greater than the optical gap of the AszS?,— e.g., light having a 
lii^fvHesd^ofl^ thaliabcAit^OOnaAQia^^ Ifdesired, network modifiers may be added 
to condofctor 140 during dei>o^6n of coi^ 
ii^tttedalorptte^ 

' d^(k]isil(kd (e. jr.» )iy ^^shig cootdDctcnr 140 io an atlitD^ib&e induc&ng the. network 

In {itct^rdanbe ivith anbther diiAK)dinient of the inve^on, a solid solution may be 
. SxrnjS^ bf di^)0sati^g ode of the constrtoents <»ito a si^)stTate car another material layer and 
. xedctihg the firsi cdd^itiie^ 
36 ancK^bckis) may be d^>6^^ oiito a poitioji of a substrate aiid the gerroanhirn may be 
reacted with llsSe f6 foicm a Ge-Se glass. Siinilarly, As can be deposited and r^cted with 
theibSega^br arsenic or germaniDin can be dq»6sited and reacted Silver or 

othermetal can then be added to the glass as descnbed above. 
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is foifined by depbsitibg saffid^t inc^ onto un ion conductor miaten^ such tl^ a poitioii of 
iht inetal can b& ilisSB^lv^ timhm tbe ion coii^ictor matedal and a poiti^ of the metal 
refioiaiins Oh a sinifac^ of tfie ion conductor to fotin an electrode {e,g., electrode 120). in 
5 atccordaDce ymih aftemative eanbodiments of thie invention^ solid ^lutioiis contaixuni^ 
. • di^lved iiSt^Bissskyh^:dkep^ dq>osited onto subsilrate llO fand tbe idectiode then fon&ed 

An fflAoDiit of cdndiittive noiateiial such as metal disstol^ed in an km conducting 
.mateiial sbch as di^cc^emde may d^eiid on seveial factos such as an amount of metal 

It .itvditable for dissbhition and ah amofont of enogy appH^ dutiitg the di«K>lutidn process. 
However, vfbm d ^xffid^ anxnint of melal and ^ergy are SVdlable f(x dissobticm in 
chalcogenide i&ai^MrO^g photodisso)uti(»)^ the ^ssohitibn process is tboogbt to be self 
Utnhirig, substaidtially hiiltbg when tbe iiieta] cations have been reduced to tbdir lowest 
oxidation state; In the case of AS2S3-A& this occurs at Ag4As2S3 = 2Ag2S + AsiS, having a 

15 slimcxuicbittrati^ df about 44 atomic peru;iit Ij^ on tbe> other hand, the metal is dissolved 
. in the dialci>geiaade in^arial u^g thdnnal dissohition^ a higher atoia^c p^centage of metal 
in the i$olid solution tciAy be obtained, provided ft soffident amount metal is available for 
dissolution. 

In accordance ^with a further einbodiDtL^ of the ktveiitidi^ the sc^d solution is 
.20 foiined by photodissdtertion to fonn a macibhoinogei^ous ternary oan^xxuxul and additional 
metal is added to the solution ii$mg thermal difRision (e.g.» in an inert ^xvironment at a 
teitq>erattire of aboiit 85 X to about 150 "C) to form a. Sofid solution containing, for 
example, about 30 to about 50, and preferably about 34 atomic percent silver. Ion 
conductors havipg a ibbtal cc^acenttsdon kbdire^ the pliotodissbteti^ii sobbiltty levd 
25 . &cflibtes ^msokk ^^i^ttmdi^^ thai theiimalfy ste^^ tempcfatures 
: (^i^ abolit &:s % ib^a^ 150 %) of derictd lOO iuid 2tK>: AihdB^ sofid 
sotttion may be feimed by thetmMt^ dissdhnng the metal into the iba amductor at Ibt 
tie^DD|>efature noted above; however, solid solution^ fmned exdiisively from photd<fissolutioh 
are thought to be less homogeneous than films having similar inetal concentrations fonned 
30 losing photodissohjtioh and thermal dissolution. 

Ion conductor 140 may also include a filler material, which fills interstices or voids. 
Suii^Ie filler materials tndude nfMM>xidzable and non-sitvesr based materials such as a non- 
conducting, immisdble siliom oxide and/or sificmt nitride^ having a cross-sectional 
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dimieMo& of lesft ttean abbist 1 mn, do nM cimtribote to the groWlh of a& 

. elei^itd^siL &i tlus case, the fiUer inaterial is present in the icm aaidoctor al'a vohime 
:{>ett»it of iJp to &Bbat 5 peatcenl to irtdiace a lik^ihood that an electxod^poat twH 
si)Oiaai»edosty dissdhre into the stq>pOiting teihary m^enal as the device is eqk)sed to 
5 . el^t^d tempentttne^ wfakh leadft to 

p^drixfance of the device. loti conductor 140 may also indude fillear niatoial to reduce an 
effective cross-s^onal area of the ion coliductctf. In this case^ the concentration of the 
material, which inay be the stame filler n&aierial describe^ above biit having a crd^ 
•Actional di&ebdon.i^ to about 50 iun, is present in the ion condiu^ material at a 
■10 66ncien£r^n of iip to abctot 50 peroeDt by vohutfe. Ihe fiU^ nt&terial may also indode 
liietai siich as sibber or copper to 

In Bcc^dance ivith one exobplary emb6<&neitit of thb invbiEtion, ion conductor 140 
includes a gentianhini^sdeibide gl^ Tvith silver dltffused in the glass. Germanium sdenide 
Materials are typically forined from si^I^oiultn and Ge(Se)v2 tetrahedrd that may combme in a 
15 v^ety of ivays. In a So^nch region, Ge is 4^ibld coonSzated and Se is 2-ibld coordinated, 
l«idch ih^jdtS tluit a glass coiq>Osition near Geo^eoio have a iuean coordination 
ikttiber of abotit' £4. Glass i«ith tins cod^didaticin number is conndered by constraint 
countiDig thediy to be optiittally cotistiamed and hence very stable with le^^ect to 
- devitriiEicaition. the i^tWork in sudi a glass is knoxvn to sdf-orgatiize and becoibe stress- 
20 free; rtiaking it easy for any additrve, ewg.^ Silver, to finely disperse and form a mixed-glass 
solid solution. Accordingly, iA accordance ivith one embodinient of the invention, ion 
conductor 140 includes a glass having a composition of GeajtSeO^ss to GtoasSe^ns- 

The coxnposition and strbctdre of ion condocttr 140 niaterial oiten dq)ends on the 
sti^g or target liiat^ nsM td tte c(^^ Oeoerally, ft is desired to form a 
p ha6ni£^by9 mata^ 1ky& pt oc^^^ l40 to ikali^ ineliaUe arid i^p^^Je deiace ' 
. In act^fd^ice ^mth oiie etiibbdim^ of the inVditiojd^ a targtt for pbyaocal 

^vq>6t de]K>sitkffi of material soi^ 

ainpouliBy preparing the amipotde^ maintaining i»foper tenypieraturcis dmii^ formation of the 
glass, slow rocking the compositicm, and quenching the conq>6^on. 
30 Volume and wall tluckness are important fectcrs for consideration in selecting an 

ampoule for forming glass. The wall thidmess must be thick enough to withstand ga5 
prieSsor^ that arise during .the glass foimatibn process and are preferably thin enough to 
facilitate heat exchange durii^ the fofmation process. In accordance with exemplary 
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dtibbdtoiait'bf the 

* ;1d fcHlii Sis axkl Te bssed cii^dogenide glasses^ tdieie^ quiiitz ait^iiles 'with a 
tbickoess of abcmt L5 itim amised to fontt solfur-bai^.dialcogenide glasses. In adcfition^ 
tbe» vdhune of the ^ni^Ble is preferably selected soch that the vobx&e of the aiopoiile is 
5 ai>oin five times gjneaterthatt die 

Ofic^ the aoG^^e is scJected> tbe fimpoole is prqmred fdr glass fotrcSidoT^ m 
-aSbcordai&ce Tvith c^e embodbnent of tl» inveiitioi^ hf deanti^ tlie aitijMtAiile ^with 
h^^fbdnb add» ^haoibl aial ac^ 

10 dokr md coolbg the aflapdale nikder vacmim^ filling a&tp6ttle -with diarge aAd evacuating 
the aziqpoblfe^ heating the ati4)ou)e while avoiding melting of the constituents to desoifo any 
^tinaining oxygeii^ and sedilitig the anapoole. This process reduces oXygen coitfamination, 
. tvhich in turn promotes madrohomogeitedus growth of the glass. 

The melting temperature of the glass formation process depends on the jgtass 
1$ ibi^edS. In the c^ of gennaiiiam-based glasses, siifBcient time for the chakogen to react 
at lo# tdiigi>eratiife with all available gertnanhlin is desired to avoid explosion at subsequent 
elevated tedipeniture$ (the ydpoi pressure of Se at 920 ^^C is 1 0 ATKl and 20 AtM. for S at 
720*T]). To reduce the risk of eiqylosion, the glass formation process ,b^^ 
afi[^|K]iitile te^^ to about 300 for selaunm>based glasses (about 200 X for sutfiir- 
.20 baised gfsis^) over the pieriod of about an hour and maintaining this temperature for about 
12 hours. Next, the teityperature is eJevi^ted slowly (about 0.5 **Cymiri) up to a temperature 
abiAit 50^C higher than the liquidiis temperature of the material find the ampoule remains at 
. . about tMstdnperature for about 12 ho^ the t^topmfure is thai devated to dto 
. .. ] ■ to efiaire floieltinfi; of aD nOinreacted gmtiamttm for Se-based glasses or abotit 700 ""C for S- 
; 2!s banned gl^usesl^^^ 

-Th&m^bbdgf^ 
at kai^ about SIX hours to incmse the 

. Quiaadui&g is preferably peiformed ficnn a temperature at wluch the vapors and the 
iiqiud are in an equilibrium to produce vitrification of the deshed con^^oa In this case, 
30 the 4ueifching teinperature is about 50 over the liquidus ten^>efatuape of the glass mateiiai 
Chalcogemde-rich glasses include a range of concentrations in which under-constrained and 
Over-constrained glasses exist In cases where the glass composition coordtc^ed number is 
far fi'om the optimal coordination (eg., coordination numbers of about 2.4 for Ge-Se 
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sfystoDs) the. qtiditt^g rate to to be &st mSia^ in order to etislfire inbfficatioii, 
qoeaoicfaLDg in ico-^wausr of an strbiiecr .coolaiil sodb as.a nuxtnre of urea iSDii iccM9rater. 
; M the case oif qptit^^ 

• : ' . • ' • 

5- In&cdbtd£dk»t«ithdBee3teii^^ 

structure 1 06 s fbmied witbm a via of an ixisolatixig niatexiai 156. Fonntng a pc^on of 
structure 100 within a via of an insulating xnateiial 150 jday h6 desirable becaiise^ among 
other reastai^ such fosmatiQn allov^ relativdiy small structure e,g,, on the order of 10 
n^ometen^ to be fmbed. In addition^ insobliDg material 150 facilitates isblatiQg various 
: 10 structurcis lW from other debtrical 

ihstddting oktedal 150 soitabfy in^ 
dedrDins and/or ioiis fit>m structii^fe 100, In accordance vfdth one . embodtxnent of the 
invention, material 150 indudes silicon nitride;, ^con oxynilride^ pdytoeric materials such 
as polyixnide Or pdrylene, any combination thereof 
15 A contact 165 may suitably be electrically coupled to one or more electrodes 120^130 

to fiicdlhate fornaing dectrical. ccditact to the respective dectrode. Contact 165 may be 
formed of any C^Oddiktive matenal of &metai siich as abnnimm, 

ahttniimiA alloys; tdn^enp or copper. 

Id aecisxt&ttibe 0^ 

20 fbhtung eledtode 1^0 on substrate 110. Bledrode 130 may be fcHined using any suitable 
method such its, for example, depositing a layer of electrode 130 material, patteraing the 
dectrode material, and etdnng the material to foim electrode 130. Lsoiilating layer 1 50 mky 
be formed by dqpositiiig insulating material onto dectrode 130 and substrate 110 and 

. .ferming vias iii the ftwailatinig itffltcrial using appropriate patterning and etdnng proccages. 

21 Ion ci^^{14a ai^ dectrode 120 may then be fortted trithm ifisoladng iayer 150 fay 
dept^^it^ik^^ Sodiidn 
cdifdoctoi and electrode material deposition may be.sdectiv6 - the tnatftrial 
subf^antialfy deposited cuoly ivitlun the via, or the dqwsittoa processes may be relativd^ 
non^selective. If ojt\e or more non-sdective deporition methods are used, any excess 

30 material remaining On a surface of insulating layer 150 may be removed using, for example^ 
diemical mechanical polishiitg and/or etching techniques. Barrier layers 155 and/or 255 
may similarly be ibnned using any suitable dei>os!tion and/or etch pmcesses. 
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loStSamk^ Tbkjb6 stored bsisig programoHble stnichtfes of tbe pxesent invention by 
^dkmjpRCiIatiisg oi^ or Mote dectncal propesties of the structures. For exa]xq>le^ a riesastance of 
d structiire may be dianged ftom a "CT or off state to aT or on stale during a suitable write 
operatioli. Similarly^ tbe device may be dianged from a "l'" state to a "0^ state during m 
mso oji>erati(MtL In ad(fitid4 ^ discussed in rnore detail below, tbe ^tructufe may bave 
n]nltil>le pjograinmafete states sodi tbat multiple bits of informbtioii are stored in a single 

SttilCtDl6w 

Fignte 3 iUostrailes cutrentpvottifge diardStedstics of a.progrttmnkable slTactiire.(e.jB. 
^ctiire 21D0) m accorda^^ In tbe ilhistrated embo^ment, via 

. diamaer, is about 4 miaDns^ conductor 140 is about 35 nanometers thick and fmned Of 
G^S&T-Ag (near MsG^^SojX electrode 130 is indifferent and formed of nickel, elecitrode 
120 is foxnied of alVer^ and bjarrier 255 is a native nickel Oxide. As ilhistrated in Figure 3, 
cdoreat tfahmgh strdcture 200 in an off state (cdrve 310) begins to rise upcm application of a 
bia& of Oviir abotiri one ^l>lt; however, ooce a write stq> has been perforo&ed {te,, an 
elettrodepb^sit has fotti^dX the resistance throogb conductor 140 drops agmficantly {Le,, to 
. abdut 200 difnsX iUustriBited by curve .310 in Rgure 3. As noted above; when electrode 130 
is coupled to a more negative end Of a voltage supply, cGa|>ared to dectrode 120, an 
electrode|)osit begii)S to forxa nesu electrode 130 and grow toward dectrode 120. An 
eSective tbre^ld vOhage {Le,, voltage required to canse growth of tbe eledrodeposit and to. 
bfeiik througb bairitx 255, tbear^y coupling electrode 320, 330 together is rdativdy Wgh 
[ because of barrier 255, In particular, a voltage Vt must be applied to structure 200 

s^tffident to c^nsa electrtms to tmmel through barrier 255 (when barriar 255 comprises an 
insKtldiing layicr) tb fbiiDii the etec^bfodeposit and to oyexcome the barriei (elg:, by tdhn^g 
; tfairt3bj^ leal^S^) ^ oKaAicI ttiir^^ ccdidiietor 140 ^ at least a poribn of b^car 255. 
la aibcordaiiDe With aHetdate embodimeots d tbe invoitiQii, vdidre no iiasolating 
bsEtrier la^er is pijies^l; an inittal *Svrite^ threshold voltage is relative^ low because no 
insulative barrier is forniied betwi»»i, tor egcan^le^ ion conductor 140 and either of the 
electrodes 120, 130. 
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A statii of the dence {eJg,, 1 or D) may be read, \i»itbout sagmficaiitly distmbing the 
. stat^ Vy, for (example^ ai>piying a fcKrw^d tit reverse bias of inagmtude less tban a voltage 
tbi^^Id (about 1.4 y for a stiiictDi^ illtistfated in l^gore 3) for dectrodepositibn or by 
5 using a omr^ Hmit wUdi is less thatn or equal to the niinimum programming cuneul (the 
tkxtEm^^^ A cnfrent itmited (to 

abctil 1 milliasip) ope&Saxm is shown in Figure 3. In this case^ the vohage is sweft 
fr(»n 0 to aboOt 2 V ai&{ tte cilnetal uses tkp to the stel limit (from OioOSLV), indicating a 
krvfea5taiicer((dititt Another way of pedonning a non- 

1 0 distuib read ppefafion is' to aj^ a i^ilse^ TVith a relatively short doratibn^ wMch inay have a 
voltage Mgh^ than the dedrtchemical d^)osition threshold voltage such that no api)reciable 
Farddaic currdd iloWs, iLfi, neaify ^ the cuirait goes to polaiizii^^ 
not into the electrodepoStton proce^ 

15 fiRASfiO?£fcAtlGN 

Aljn>gri^baiiiable stttictttre (e.^:, 2^ 
bias ^Hed during a. Write opetiaitibn^ tvhfe^ein a inagmtude of the applied l»as is equal to or 
greats than the threshold voltage for eIectrodq[)ostson in the reverse direction. In 
accordance with an e^iemplary embodiment of the invention^ a kufGcient erase voltage 

20 (V^ Vf) is applied to strtitture 200 ibr a pedod of time vAaxh dq[>ends on the strength of the 
iiiitiia) connection but is typically less than about 1 millisecond to return stfitictare 200 to its 
'^ofiT state havitig a resistance well in exceiss of a million ohms. In cases where the 
j£rog^^ttnifi&ble Petite does no^ 

a tfafesboht Voh^ fojr tte lower thaa a threshold voltage &r 

; St^nthig ib^^ id&like iliei»wite o^^ the dra^ ojp^oii does hot reqmre 

elecfi^t&isfi^ 

COIWROL of OPERATIONAL PARAMteHTERS 

Hie concentsrsttion of conductive matenal in the ion candiiictcM* can be controlled by 
30 applying a bias across ii^ programmable device. For exanqxle, metal such as silver may be 
taken out of sohitioii by q>plyiDg a negative voltage m excess of the reduttion potential of 
the conductive matenal. Conversely, conductive material may be added to the ion conductor 
(from One of the electrodes) by q>pl;^g a bias in excess of the oxidation potential of the 
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ffl^teiiaL ilio^ feir ej^^ 

ibdr a pditiaeiiar device d|)|»)icildoiv the cojoceiitratioii tsak be jedoced by reverb biasmg the 
device to reduce the cdnceitfniiiQn of the conductive mateadaL Siimlarly, xoetal may be 
added td the sohition filbm the oxidizable dectiode by applying a sixffid^ forward bias. 
5 Additiojoaily^ it is possible to reatove e3rcess metal build ti|> at the indifferent dectrode by 
- aij^p^^g a rie^velrse.bias for an estteoded time or an esEteiided bias over that rei^Dired to erase 
the deinbeimder i^iliii^ Contibl of the coddnctive 'material msiy be 

dixa6ai{>li5hed mifiomai&siiiy a soitabfe foicaroprocessor. 

tius.techniqiie may.&lso be to fi>na one lif the decbnodes irom material ivithxn 

10 tteioneondaclCH^ matcs&L Fot eacafl4»le^ alvex fhsm the ion cb9^^ 

toim the cmdisable electrodes This allows the otidizable electrode to be formed after the 
device is iully foimed and thos tnitigates probleiiis associate with conductive inaterial 
dififosing from the oxidi:^le electrode during nmnufactoiing of the device; 

As noted above^ in accordance with yet another einbodiment of the invention 

1 5 multiple bits of d^ta may be stored Witiun a single programmable structure by controlling an 
ionount of elbdrod^sit Tviuch is fc^ed during a Write process. Air amoont of 
electrodepoisit that fonns daring a write process depduls on a number of coolombs or charge 
sapphtd to the structure duripg the write process^ and may be controlled by using a cutroit 
lilnit pcrtvisr source. Id this casein a resistance of a i^Jrogrammable structure is govemed by 

20 Equation 1^ Wh^e is the "on'* state resistancei» Vt is the threshold voltage for 
electrodeposition ., and l^M is the maximum cuirent allowed to flow daring the write 
dptialton. 

^ — 

Equation 1 

25 In practice, the limitaticm to the amount of information stored in each cell will 

; depend on how stable each of tike re^^tance states is with time. For ctsample, if a structure is 
ivith a programmed resistance range of about 3.5 kH and a resistance drift over a spediied 
time for each state is about i250 £1, about 7 equally sized bands of resistance (7 states) could 
be foimed^ allowing 3 bits ofdata to be stored within a single structure. Inthelimh, for j 
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: zero ddftinresasiaiH^ma q^ 
of stdtes; te,, m analog fbrnn. 

A ji>0ition of an integrated drcuit 402, induding a jprograiainable stnicbite 400, 
. cbMgair'ed to prdvide additioii al isolation from dectronic components is iUnsti^tedfin Figure 
.5 4. In accordfiiitce ivith an exeinjplaiy embodimi^ of the present inventioz^ structure 400 
\-indiides etectibdes 420 snA 430, an ion c^dductsor 440^ a contact 460^ and an akm>i)>licbs 
^c(m £6de 470, such as a Sdx^ttly or p-n junctk>n di^ 
deictirode 420. Rom aibd cbhtmns of program 

high denaty coiifigiiraiiQn to piovide extremdy large borage densities suitable for memory 
. .io. drc^dtl b geneid, the inkdod^ 

tad complexity of the cohiniti and ^dw decoder drcoitry. Hoivever, a pfbgranunable 
structure storage st^k can be suitably fabiicati^ overlying an integrated cncuit Tvith the 
entire seniicomhictor chip area dedicated to row/cohijoin decode^ seose ampIiSers^ and data 
nianagem^t circuitry (not shown) since structure 400 need not use any substrate real estate. 
15 in this ibanner, storage d^nties of many gigabits per square centimeter can be attaiiied 
tisilig p]r6grdmmd>le sttuctiires of the preseixt invention. Utifized in this nianner^ the 
progrS)inmd>le structure is ^seutially an additive tedmoldgy that adds capability and 
iuncliondity to existing sexnicondu^ 

Figure 5 sdiematically illustrates a portion of a memory device induding structure 
iO 400 having an isolating p-n junction 470 at an intersection of a bit Ime 510 and a word line 
520 of a m^uory circuit. Figure 6 illustrates an ahemative isolation scheme eiitploying a 
tfai^tor 610 interjposed between an dectrode and a coiAzci of a progiammable structure 
looBited at an imcarseetion df a bit line 610 add a tvord line 620 of a memory device. 

F^gittes 7-10 iltelsir^ jxrogninmiable devices in accord^ice Tvith another 
* ^^ cittiibt^jgot c^tfae iixveiitidiL The device iOastra^ m l^guies 7-10 hit^e im dectrode (e.g., 
; tjbcali^^^ 

cbnductdr co1d[q>ared to the devices iUustrdted in Kgiires 1-2 and 4. tlie smaller dectrode 
intei&ee area is thought to increase the effidency and endurance of the device because an 
increased percentage of ions in the solid solution are able to take part in the electr6dq[K>sit 
30 formation process. Hius any cathode platiiig from ions that do iiot partidpate in the 
dectrodeposit process is reduced. 

Figures 7 and 8 illustrate a cross sectional and a top cut-away view of a 
progTiamrnable device 700 indudiDg an iiMliiferent dectrode 710, an oxidizable dectrode 
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aifed an ociidxkitxyr 730 fdnner overtying an insulating layer 740 sudi as alicoii 
cndde» kilic^n nitride; the fike. 

StifUcture 706 is fc^ined by dqiosrting an indiiSere&t electrode matoial hiya and ati 
iii^ating layQ- 750 oValying inhaling layer 740. A via is then formed tfaroogb layer 750 
at£j eJ^dde iifiateria] layer 710, nsti^ an ani$otirt>pic etdi process (e.g., reacdve ion etdnng 
oxion Mliymg) sAidi tfia to aoxd/or tlflough a potticm of layer 740. The via is 

thai fiOed tvitb ion dc>ndiQct(tf mdterial and is soitiably doped to form a sdSd s6httion as 
described -herdiL Any exc^ ion coiidDctor material is remcyved &tm the sorl^ice of layer 
750^ decln^730isf(Hined»for e9Qjnp Intlus 
ci^. tll6 ix^iifea^^ electrode (ca^de durii^ vnite pifocess) area in coiitact 'With ion 
Cbbdudor 730 is thb sikhface arto of electrode 710 about the periitieier of conductor 730» 
raiiiar than ihe SLtea niiderlyintg the ion cojaductor, as iUdstrated in Fig^es 1-2 and 4. 

Ftgoifes 9 and 10 ilhistnite a programmable device 90O having an indifferent* 
Hectfbde 9i0y an oxidizable electrode 920^ an ion Conductor 930 aind insulating layers 940 
SkiiO MO'in accbrdatiK^e TVith yet inbther ^obodkient of the istven&uL Structure 900 is 
sdiuldif to struOlire 700, cxcej^ that Once a via is formed through layer 750, an isotropic etch 
prlo^cesir (ag., chemibal or i^bsiiixa) is. employed to form the via tbfough electrode 910, sudh 
i&tf a ^bped iiitersectton bi^tlpve^ 

Figure 11 and 12 iDostrate another programmable device 1]00» ivith a reduced 
electr6de;46n conductor intb&ce^ in accordance ^Vith the present inventioa Structure 1 1 00 
inidudes e)etWd6s 1 1 10 arid 1 120 aiMl an idn coioductor 1 130, formed on a surface of an 
in^£rting iiiaiedal il40, r^er thto tnthin a via as discussed above. In this case, the 
prog^imtiable structure is formed by defining an ioii conductor i 130 patter on a surface of 
. itfailaiing nitterial 1140 (e:g., u^olg d[^>osation and etch techniqaes) find fonmng electrodes 
i lld»^ 1120,;^^^ each C(mt8(it a pottidn of the ioii ccHyiictbr. In the 

i^bf ttieiths^^ eledE^odes tfie fonned oves^nhg dBOsi in Contact with 

bdth a ^cmion of fbe idn conductdr taii the htsulating m^erial. AIiImdu^ the thickness of 
the layers ma^ be'v^iried in accordancfe Tvith specific applications of tl^ device, in a j»:efenred 
embodiment of the invention, thethicldiess of the ion conductor and electrode films is about 
1 imn to about 100 nm. Sob-ltth6grq)hic lateral ^men^ns of portions of the device may be 
.obtained by oVeresqposii^ photoresist used to pattern the pcntions and/or over etdung the 
film layer. 
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Fi^ire 13 iibiptrates a device 1300 in ac^rdance tnth yet aodtbeT ^tiiiKX&EieDt of tl^ 
iov^itidiL Stiuctiirer 1300 is ^mSat to the devices illustrated in Figure 7 and 8, &axpt that 
the CTO^secticmal ari^ of the i6n ccHnbctor that is in contact TVith the electrodes is redbded 
by fiUSnlg a pdition of a yik tvith nomoii conductdr ttiat^ai^ rather than etching thnnigb an 

^iiii^ ^ ix^nilafiiig bfyW 1340. In Ms case; ton conductor 1330 is formed by creatiiig a 
' trtncfa ivShin j^aty the treodh hdving d diameter indict by D2. Hie 

trefich is tb^ filled ix^g, fc»r :eacai&iqpi^ inteiference lithdg[q>fay tec&mqpes or crafonnally 
linbg the via tvith lixs&l^tiiDg niatenal and using an anisotropic etdi proc^ to remove soiiie 
of Uke in^adng rn^iadai, living a via ynih a diaimeter of D3. Strdctore 13(X) fonded using 
this f^cfafuqfdie may baVe a ion conductor cross sc»ctiolal area as small as abdiit lOnm in 
cb&tact with electrodes 1310 aitti 1320. 

Figure 14^17 iilosbrate another embodiment of the invention, where the cross 
siBctfonal ai^ 6f thfe i6ik c6)jdact(H/dedtrode iiA&f^ is relatively small Structure 1400, 
iOti^t^ M J^gfliire 14, uiK&ded electrodes 1410 &bA 1420 and mi ion conductor 1430. 
Stmctiife 1460 i5 forided in i£ manner omilar to stroetuie 700, &ccq>t that the ion conductor 
instteiial is d^^ed conf^miaSly, w^ilig; for titjutiple themical vapor deposidan or phy»cal 
vapor di^i>c^tipn, into a treiich; and the trench i$ not fiUed with the ion conductor «natpHai 

Struicttire 15M) is similar to structure 1400, except that an ion conductor 1530 is 
fbrmed by ^duiig a piDiition of ion conductor 1430, sudt that a via 1 540 is formed through to 
electrode 1416. Structuiri^ 1600 is similar to structure 1500 and is formed by conformally 
d^stting the km eoiidaclor inatedal as desedbed above and then removing the ion 
<^dd6l£Mr idaickial fiDtif si soi^ of insidstir^ matcdal 14^0 piiof to dcp6sitt^g dectiode 
i4^^inatenll^^^^^^^^ 1700 may be fofitaed by ^eedvdy dq>oamg tfa6 km 

i^iidliai^^ 1 13b ini^sfi^ ifitO'ciiiff a p(^ksa &f ihe titifeCSi Foi^ied in ins^atio^ liiatcaial 1450 
(eJgi^ iksiiig angled dq>6sitibn aoid/or ^ladowiog techniques), removing excc^ ioH 
conductor m:it<gnal oii the suriTate of insulator 1450, and forming ah d^ctrode 1720 
overlying tli^ insulatbr and in bbntact with ion conductor 1730. 

Figures IS and 19 iUustrate yet another embodiment of the inven^oioi, where a pillar 
wail within a tretick b used to reduce a ooss-sectional area of the intend between the 
ion conductor and <^ ibr mote dectiodes. Structure 1800, ilKistrated in I^gore IS, mctudes 
electroddi 1810 and 1820 and anion conductor 1830 fcdned within an insulating layer 1840. 
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fidifitioii^ stitfctttt^ 1^ iii^^ a 1850 of XQ^dlating matwsi (e.g.» insulaiiflig 
mli^rkiusedtofoiixila^l^^^ Stroctore 1800 

mky be foidblsd lismg tLieirs^ deposition tecfarnqoe discussed above. Sthictuore 1900 is 
•^itsaik to stracti^e 1800, eicejpt stmctute 1900 includes a pahial piU^ 1950 and an ion 
c^iidbctdr 1930, "(vMch the remaining piKtbn of thefctftoed trench. 

; ^gjat^ 20 jDusthites aik)ther structure 2000 in aiccordsince tvith the preheat 
itivendoa Structure .2000 inchxle^ dectrodes 2010 atnd 2020 and an ion conductor 2030 
fonned^Mthin ail iniS^atbg layer 204^ Stnictnre 2000 b formed usbg ah amsotn^ or a 
.ODmbittation 6f aii.anisid^t^^ Ion 
;e6»tetbt 2030 isll^ fditiledTratluli the treifidi using tecfaniques previously described. 

]p}giires 21-24 iUustrsiiei pfognaittiittabl6 deuces in aceordMx^e ^ritfi ya another 
ibinbbicUmc^ of the iiiveiitida Tli6 sM ilhlstrated In I'igures 21-24 inchide a floating 
eksctrode^ i^hich alibwd itaijbJple bits of infbrmatjon to be stored tvithin a single 
pf ograibinable device^ 

15 Stnichlb 2ib6 ijd£^ a iirst dectiode 2110, a second, floatifig electrode 2120, a 

third dedfode 2130, ioti CGtnduCtor portions 2140 and 2150, ni^ch may all be fti!med on i 
kibsti^ledr'^lly (»pk^t^^ Although structitfe 

2100 is ilhlstrated .iiik .a veartied con^ the Structure may bd fonned iii a horizontal 

eoiifiguratidn, ^inildr to $t^^ 

:2'0 the first add third ifelecitrbdcd ate fcrr^fed bf indi£[^ent electrode and the second dectrode 
is formed df an oxidizabi^ eledrode mstedal Ahanatively, the first and third electirodes 
ni^y be jTonnied of p^diz^bie deictitMle matcdal and the second, fibatbg electrode may be 
foimed of an indifferent electit>de mateiial. In eitha- case^ the structure indudes two lialf 
;C^^ ivhcirb each baHt cdl fiuK^DHs &s a progidmrn^ble device described above in 

0 iC £&ch is prder^bly configiiied imcii that the i^sistanca &f 

; !djle b^d^ Mi^i jifiDl'iB^te^a^^ '^bfSn both cdls sirei in an erased 

■• slate. • * • ■ • ■ 

in the c^ Ivhe^ fl6atiiig: e!c«tn^ is formed of Oiddizable dectrode inatenal, 
bits 6f data may be stoj'ed as follows, the ovendl impedajo&e of structure 2100 is 

^0 aptfirorimatelyeqttaltothertsbtascedfporti When tK) dectrodepbiot is 

ibnned ivitldn dthier portion^ this high resistance state may be rqxreseat tyy the state 00. 
Wh^ a voltage is appfied to structure 2100, such that dectrode 2130 is positive rdative to 
dectrode 21 10 aiod the ai>^ed bias is gr^er that the thresJiold voltage required to form an 
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dectnklq^ in pM^ 

2140 j&ok electrode 21 ID toW^dli tinder 
this c6xidhioi\ sia da^tf^ 
• llSOisufKdea'areirdfseU 
5 ! The growth of the ejectrbdqpos^ will dtange the impedance of portion 2140 from Zi to Zi% 
thus cli^ngiii^ th^ overall impedance 
61. 1lm aiiii^ Jevd used to f(Hm dec^^ 

soffidedDitfyloiv; aliowbg the dectiodq>osit tobe £$sc^^ iipdn q)plicalio(D of a sufBdent 
leve^ bias. A third stated msty be. TotnAd by revedebig the pdarity of the applied bias across 
. iO; det^odcs 2110 and iUt>, stidt that mbst 6f the vtSt^t drop occttfs iuxtss the high 
rt^istdiicse ioln i(x>iiduct<>jr fx^tioKi 2150 aftd foKiboation of an dectrodepo^ft 2170 begins^ as 
. ilfostitlad in i^igurei^/i;«itk)i^ 

pbftion 2150 diai$es from Za to Za, and the overall iiiipedance of structure 2100 is Zi plus 
^&2^ which hiay hb riepresented by the state 1 1. Once both half cells are in the write state; 
15 electjrodq>osit 2160 and/or 2170 may be dissolved by applying a sufBdent bias across one or 
both df the half cdk Bfee&odepbdt 2170 can be erasedL for edtao^le; by suffideiitly 
^jifegativdy bia^tig debtrode 2130 Tvith leqpect to dedrode 2110, iviiich may be represented 
by a state 00. The foiir possible states, along with the current fimxt used to fonn the statiB^ are 
iteprcistUted in tabl6 1 bdc^. 

20 















1 


Sub-threshold 


Zero 


z, 




00 


2 


Upper + Lower--. 


Low 


Z,' 




01 


3 




taw 


Z,' 


V 


11 


;4.:. ; 










10 



taUb l ; 



Structure 2100 can be changed to 1 1 from state 10 by ^plying a low cunisnt fimit 
. 25 bias to grow dectrodqx)sit 21 50 in portion 2140. Similarly, structure 21 00 can be changed 
from state 11 to state 01 by dissolving dectrodq>osit 2170 by applying a rdativdy high 
current linut bias soch thai i^per dectrode 2130 is po^tive with re^>ect to lower dectrode 
. 2110. Finally^ structure 2100 can be returned to state 00 usmg a short current pulse to 
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. iif£^^ dissiDl^Vdeatrbdcjx^ 2160, iimg a earireiit ^db is Ugh tiM^u^ to cadse 
ibcaihieid iiecidoe df ^ llus iviil increase Uie jxxe^ 

iolf-cdl liut this esteem inetal be reifiov^ed electncalty from tte cdl by jdatii^ h back 
t^tiii& jBoatiiigeiectibde. Tlus seqfutioce is ^umniad^ 

5 ■ ■ . 




4 Bdsting state - . Z| Zj* JO 

6 l^^+Lofwer- High Z{ la 01 

7 Upp^4LoWer-^ Thennal 2i Zi 00 



tabled 

Other t$Tite aij^ oalse seque^es aire alsb poissibJe (as are bth6r defimtibns of the 
10 vaiiidus ttpt^d^j^ by the balf*cell impedances). For example, it is possible to go 
froni state 00 tb esihc^ stiotb 01 or state 10^ depeodiDg on the Kviite- polarity chosen. 
Similarly, it is posable to gp friixm state 1 1 to rather state 1 0 or state 01 . It is also i)0ssib]e to 
go i&otn; state 1 1 to stsde 00 by the ai^lic&tlon of a cwteiit pulse (in either direction) which is 
Mgh aiid sliort:' eiidnfgb to thermally dissolve the dedrodqpbsits in both haltcdls 
tS ^timltaneouisfy. 

In addition to storing in^hnation in digital form, stivictoe 2100 can also be used as a 
ndise-tblerant, lo^ eh^rg^ anti-iijse element for nse in field pro£prainmable gate aixays 
(Fl^GAs) and fidd configufable drcuiis and systons. Most phj^cal anti-fbse technologies 
■itjluiFeldrg^^^ llite need for such high 

120 ebefg^ si^sij^^^iog s^thftfiii t& g^^afly tonfiid^ to be sCSitiMhat b^ ^ itoA 
. i^eAictS ^ i&etilfo^ 

^sitfiadons. Hbwevei; the use of hi^ voltages and krge clitients on dhqi; rqpresent a 
si^iific&nt fKrOblem as all con)|X>nents in the. ]}rograinming circuits are 1y|ncaliy azed 
accordingly and the^ high energy consufliptidii reduces battery life in portable systems. 
25 Figures 25^29 ilhistrale structures in accordance with another mbodiment of the 

iirveiition in which imittipie progranunable devices include a common electrode (e.g,^ the 
devices share a common anode or cathoda Forming stiuctures in which multiple structures 
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sha^ a e&masm dec^eis advantageoOs becabse siidi stxuctiiies allow a higher itsssity oX 
' cells to be fonfied dn a gfvea' substrate sat&ce area. 

' 25 ^ 26 iDustrate a stocture 2500, having a horizontal donfigiiration and a 

c6imiB>n dectrbde. Strocttni^ 2500 inchides an electrical cotmectt^ 2510 coupkd to a 
-5 cojinis>ii sm&ce dectjnbde 2520, dectrodes 1530 and 2540, and ion conductor portions 2550 
atd 2560 dVi^ij^tdg an iiikd layei^ ilio, Sttttc&e 2500 tascf "be USdd to Ibirm ymd and 
;f>it fines as described ilxm by fonmDg a row of electrodes (e.g.» anodes) cbiipled to 
adi&hictdr 2510, add boliiixins of oppiositely bias dectrodes (e:g^ eatbdides) running 
papeiidiculdr to dectrodes 2520. A conductive phig^ formed of any suitably conducticg 
10 jndtdial c^ be n^. to decbicafly (^le Althougli 
ilhistrated with a ki^rizdiita] configurati&n, e6nuix>n dectrode structuifes in accordance tvith 
thb embodiinoitinaiy befoiiinedus stiuctur^ having a vertical configuration as destiibed 
herdn. 

Figures 27 a^d 28 iUostratfe additional structures 2700 aiod 2800 having a connnon 
15 decode filiamibeen^ two or riioredervi Stnictur^ 2700 and 2800 include a ciOnunon 
dectilode, dectrt>ded 2726 and 2725, Ion conductors 2730,2735 aiid 2830, 2835 fespectrvdy, 
and injnilating layerai 2740 md 2750. Stroctures 2700 aiid 2800 may be formed using 
techni^es destirdyed abo^e in cojoir^ectibn with F^gkes 15 and 16— e.g., by confonnally 
depoa^ihg i6n dstaiiXcH)T n^terial within a treoch of an idsulstiiig layefl In accordance with 
20 ziin&tlier eanbodiinent of the mventio% directioiial de^sition may be used to form a structure 
siniilar to structure 1700. Structures 2700 and 2800 each inchide two programmable devices 
induditig cornEDkon etectrode 2710 an ion conductor (e.g., conductor 2735) and another 
dectrode (eig., dectrode 272$). I^dectric matecid 2750 is an insulating materid that does 
not interferift With ^lir&OB elMzt>dq>oA growth, such as dlicon ondes, Mli(xm nitfides; aaad 

.iit'^^'Wiikk ' 

^gi^ 29 illtlfi^^ a sbuctore 
2916 formed about a coinihon dectrode 2920. Bach of the devices 2902^2916 may be 
fbrined using the method described above in connection with Figure 21. In the embodiment 
iUustrated in Figure 29, each of dbctrodes 2930-2936 and 2938-2944 rnay be coupled 
30 together in a direction pieipettdicular to the direction of conmkm dectrode 2920, sodi that 
dectrode 2920 forms a bit line and dectrodes 2930-2936 and dectrodes 2938-2944 form 
wcHd lines. Structure 2900 rnay operate and be programmed in a manner sinnlar to structure 
2100 described above. 
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WiuSbSitot ddtice stat» liftjitbatidii by sto^o^g a chaigfe :is oppoised Ui' fftfmng 2iti' 
decttodepo^ A csajpadtaifce rfa stiuotore or device is altered by a^p^^bg.a Vaas acrote 
dectifbdcs of the device such that p6»tivdy chsbged ioifi ixugrM6 toFward one of the 
. 5 decttodes. If the' appfied Has is 1^ that a ivrite thresfaoid vbJbge, xio shoit wili fona 
b^ewi^the eleditid^ C^adtai^ 

tVh^ the applied is TC3iH>Ved|^ the nietal ions teiid to £ffi]se away firbm the electrode or 
a bamer jttcod&ate the dectroda fkfw^va, an interface betwea^ an ion conductor and a 
bairi^ is gGDerally imperfect and inc^ tlais^ atleast a 

10 pOittoilofioilsrtiSittaidtt aoQ ion cdnductar. 

. Ifaivnfeypltag^ isreVcd^^^to 

A idx>grain[aQibl^ strucdtnre in aCicordance ^nth the present h^dxtioli may 1>e nsed in 
many a^plicsitioDs which tvbuld otherwise utilize traifitiiHia) tedixK)logies such as EEPROIi^ 
HASH or DRAM Advantajges jproVided by the pr&ent invention over present memory 

15 techniques inchide^ among other thiiig^ lower production cost and the ability to use flexible 
fabric^on tedmiqiies "whidi fire easily ad^prtable to a vadety of applications. The 
■i^grammable j^tioctttfes of the present iiiveidjon are eSpedally advantageous in appHcatioos 
tvhere cost la the pihasiry comierii, siicfa as smart caffds and electronic inveittory tags. Also, 
an s^ility to fctttft tift memcary directly on a pla^c card is a m^r advantage in these 

20 q^UcatioDS as tins is generally not possible with other foims of semic^ductor memories, 

Fuith^, in atcordatice with the programmable structures of the present invention, 
memory d^ents may be scaled to less than a few square microns in size; the active portion 
of the device bdtig less than on micr&n. this provides a significatit advantage over 
traiditiof]^ S6ttbtoi0naoa' techi^ 
e^fakelfirssv^ 

Addhidbdly^ thi^ devit^ (tf thb 
do not require '^r^eslii^g.'' 11in% the devices are tv^ sait^6 for portable device 
applicatioiits: 

Ahhcmgh th^ presexit invention is set forth berdn in the context of the appended 
30 drawing fig^es^ it kboold be appreciated that the invention is not limited to the specific form 
diowa Fcr esauzqple; wUle the programmable structure is convod^titly described above m 
connection with prbgnumnable memory devices^ the invention is not so linuted; the structure 
of the present invention may suitably be employed as programmable active or passive 
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illustnited as ihchiding bofiei; bimct, or tranststof comp&DsxAs, any of thes(e tomposxai^ : 
may be aidded to ttie deuces of tte present invenliaa Vatibia oiher modifications; 
variaiioasy i&kt qitiarft^jnento in the design and arrangiangtt of the lit^hpd and ajyaratns stt 
6 ftirtii hetfin, may be loade tvithout departing fitan tte ^iiit and: scofiie Of tbe preseM . 

:tiiytel$tiQna$8^fG^ ' . , \ 




CLAIMS 

L. Amch:>iel&ciiDftitpifograiiQ^^ 
i a&ioB oolidDCtor fanned of an ion conductive idatedal affd a»dijctive ion^ 

dn diddcable de^ljfode 
aiiD mcMct^ent dectrbde 

3. 11>e nucat>decbc«ic progra^^ 

layer cioii^ses a material selected from the group ccmsistiDg of AgxO, AgxS, AgiSe^ Agcte^ 

wBerex ^ 2, AgjI, \v)Kir«f y ^ 1, CtJj, CiiO, CiiS, GuSe^ CuT^ GeOj, and SH>2. 

15 

4. H& jmcrodectionic prOgranunable structure of claim I, T^herein the 
. indiffer^ dedxode dc»n^^ 

5. :ini€ii>efe(^onic p^graioaniabie structure of didm I, wherein the 
26' inxidizable eJectrode coix^^ira a ioatena) selected tonx the group co^sastii]^ of a transition 

joQetal solfide aind a transition metal selenide. 

6. The fiucroelectronic programmable stnictnre of claiin 5, wherein the 
?pEridt2kbl6d66tny^ 

li ilfii iind^eetft^ ]>h>grafimiaUe stroduTe of dlaiiis 5/ ythei&i the. 
oindS^slble dee^e ctatt^^ 

i. The micrbeletdroiuc programmable stiucture of claim. 1, tvhd'dn the 
. iO oxidizable electrode con^nises Agl. 

% Thb icmcnielectnMxic programmable structure of daim 8^ tirherein the 
oxidizable electit>de coflDprises excess silv^. 

28 
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10. Tbe imcr6e]ect^<^c programmable stiik^e of claim Wheiii^ the ioa 
(^iuJucttfi coicqpiises a solid soiotion selected from tbe groop consisting of AsvSu:i*Ag, 
C^iSei^^Ag, GexSi.^Ag, AsgS^^Ctt^ Ge^^,^4Ja, GoSut^Ca, where x ndages from about 

5 0.1 to about 03. 

11. Tbe' jdoicrodecfrbiiic prDgrammable structure of claim 10» ivbcran the ion 
cote&Obr totix^isea a frller noateriaL 

■ib iX tho midroelectrbmc programmable structure of daiia 11» \Vfaerein the filler 

I 

inatenal cortipriseis a dielectiic and is present in the ion conductclr at a Vofaune percent of np 
to abc^ 50 percent; 

13. Tbe rnicToelectronic jptrbgraimnable structure of claim 11, wberdn the filler 
15 mateiial compdses a dielectne and is presient in the ion tcmductcH' at a vohiine percent of tip 

to abc^ 5 percent 

14. the microelectronic priogramfiaable structure of claim 11, ^berifiin the fiDer 
tii^itarial.codi^ses silvar. 

20 

15. Tbe microelectronic prograinmable structure of claim 1, whereiD the ion 
cOndtiCiicn' coihprises a glass having a compoaticai of GeoivSetKo to Ge^DL2sSea75- 

16. The imcrodec&tadc programtnable sbrilcbire of daim 15, TvhSrein the ion 

17. The micrbeJectiomc pr^graminabJe structure of daiin 1» further ccmq^iising a 
tran^sfbr in contact with one of the mdizable or the indiffcarent dectfodes. 

. 30 18. The jnicrodectrQDicprogrammdblestnKrtareof cl^ 

diode in cdntai^ with one of the oxidizaible or the indifferent electrodes. 
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19. the itasdroeMctrDiuc ^ogiraimiiable stmctore of dam 1, "Prberan the icii 

20. tb^ mic^lectiroiuc programmable structure of daiin 19^ fixrther conqjMnmig 
5 a diode fonned tvithin tbe via. 

21. Tbe mi(7odectrbmc programmable structore of claim 19, wherein the icm 
COiiductor cdixtacts the indifTerent electrode about a poartion of the peniDeter of the ion 
«A)ductor. 

10 

22. The niicroelectroxdc programmable strbctnre of claixn 21, whearem the ion 
coiiducior tonUicts the indifftireiit electrode about a sloped p<Htion 6f the perimeter of the ion 
conductor. 

15 23. the microdectrohic programmable structure of claim I, ivherein the. 

iiidifirerent electrode the oxidizable electrode^ add the ion eohchictOr are formed on a suifaice 
6f dn ibsulatir^ material layer. 

24. Tbe nuax>electromc programmable structure of claim 1, wherein tl^ ion 
20 conductor is formed within a via of a first insulating material layer, abd wherein the 

prolgramindble structure iurtfaer cornprises a second insulating matiEdal fonned within the 
Via. 

25. The Aicrodeactronic programmable Arueture 6t (Mm 1, Wherem the ion 
^l5^ ^(liidtfetor id foimcSd dlofig a sidewatt of a via fonned witlnn an iii^atiag layer. 

26. tbe microeiectroniD prograrnmable sttUctUre of daim 1, wherein the ton 
• coattdiictor is ftrtimfed within a sloped via within an tnsolating material layer. 

3t> 27. the microdectronic {irogranunable structure of claixn 1 » further comj^ing a 

hairier laygr between the indifferent dedrode and the ion condudor. 
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28. the imm>elecfro]uc programmable ^cttiiti df claim 27» ivbeiein the hairier 
iayeir t6iniHiseb a condactive xoiaterial. 

29. the joucroelectroiuc programmable stroctare of claim 27» viha&n the barrier 
5 layift' cotpprises aft itisolating material 

30. The midrbeilectroiuo programinable strocture of daim \, \vherein surface area 
(df the iDdiifereDt ^etiiode in contad vnOk the ioii coi^ctor is less thto the surface area of 
the Gxidi^ble elfecticide in cotitactwith the ion conductor. 

16 

31 . The jiiicioeJectFosuc programmable structure of claim I, ivherdn an interfiu» 
l^tv^feen tbe ioiiiifierent eli^^^ 

32. A muM-ceU programmable mic^oelectroiu^ 
1$ a first dectrddeofa first type; 

a s^coiid electrode Of a second type; 

a first ion conductive materia! of a fir^ resistance int eifposed between the fir st 
elei^ode and the second decuod^ 

. a third dectrodeofa first type; and 
20 a second iou cotiductive material of a second r^insUiDce interposed between 

the Seic^nd electrode and the third electrode; 

.33. ThelnEutti-ceUi^ogramniablemia^ 
:]^si^d ihM.decflN]ito comprise an indlfTeroDit dectrode material and the second dectrbde 

34: the niiilti^dl programinable iniaod 
first and third electrodes cxympn^ an oxidizable electrode imalenal and the second dectrOde 
coii^mses mdififexent dectiode material. 

30 

35. A mohi-cdl programmable microelectronic device comprismg: 
a plurality of electrodes of a first type; 
a plurality of dectrodes of a second type; and 
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a pJinyhy of Ion mdiictor st^^ 
ioii coiidDctar structures is interposed between ose Of tbe phirafity of electrodes of a first 
'tfpeaod one of the plurality of electrodes of a second type^ and 

wberan a idiiiality of electrodes of a first 1^ are dectrically coiqiled 

togdiier. 

36. tlieffiiahi-c^ll^grdinQiabkjm 
fKhff afity of eJectrodes f>f a first coii^rise oodcfizable electrode itmteiiaL 

37: ll^xilidti'CeUiarograinmablejm 
plarafity of etetttodes df a firSt.^pe comprise indifTereiit electrode niateriai. 

38. The l]tmh>ceil {tfogrammable imcr6el»:trOiuc device of claim 35, ivfaerein at 
least a portion of the plurality of ion conductor structures are formed ivitbin a via ivithin an 
ini^atisg itiatcdallayer. 

39. llie BAthi-^ell lufograibiiiable niicroelectrc^c device of claim 35, tvberein at 
least a pbition of tlie plurality of ion conductor structures are fbnned on a surface, of an 
iiisblatuigina&iddl layer. 

40. A xnethod of forimuig a programmable microelectronic structure^ the method 
cotniMtising the stq^s of. 

providing a sobstrate; 

foritniig akytt- of d^ctrode matoial of a first ty^ 

ibitatci^ 'an iium^alii^ laya-.overl^g the la^er of ele«:£rbde matoial of a first 

foriiim^ a via thrcxigh the iiiitolattiife ^ ^ layer electrode material 

of a first tj^; 

depositinjg ion conductor material into the via; and 

forming an electrode of a second type overlying the ion conduaor material. 

41. The method of claim 40, wherein the stq> of forming a 'via inchides 
isotrdpically etching the insulatisig layer. 
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42. Tike HxdiSiod dt dahn 40^ i^emn the st^ »f fon&i&g a via mclades 
i^ds6lio^ic^ eiclnng the ijksuli^si% layer. 

43. Tlie fnedkxl 6f daim 40, ^eran the step of fonmag a via inchides 
i^tjiDpicaU; etdu^ afirsitypeL 

44. tte niethbd of claim 40, vfberan the step of formisg a via inchides 
atiiisotrDpida% etching the layer of dei^tidde jmSKterial of a &5t type. 

45. 'Theiatediod6fdaim46, jfbttherco^ 

Use diedrode matbrial iji the first type and the electrode materiai of the second type to 
: ii^ipikilate a (kxficeiitraticm of c^nductlv^ matefial in the ion conductor. 

46. The m^bdd of claim 40, fiiitber comprisiDg the step of aj^lying a bias across 
tiie .el6ctfode matenal of the first type and the electrode material of the second type to 
liiil^yalkte ^ auicyinit of conductive matedal p^tsnaH in one of the eledirbde material of the 
Grit type and the elettrdde toitJtxiA of the second type. 

47. TBe method of claim 40, herein the step of depositing ion conductor 
material cdmj^sds depositing germanium oiito a surface and reacting the gennanmm with 
HiSe. 

48; the flaeibod of daim 40, ivlietdA the stc^ of depo^g ion coiiductor 

' S[btJEi^t:babj^^ UsseaAc a &ui&6e smd reacdbig tbe arsenic iprith ^bSe. 

49. the inettod of daim 40, wfaereih the step of depdating ion conductor 
io^erial conq^ttises detk>^tihg germanium <mto a An&ce and reacting the germamum tvith 
HzS. 

50. the method of daim 40, iVherein the step of depoating ion conductor 
material comprises depo^tiQg arsenic oolo a surface and reacting the ars^c vnah 
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5L a itfe^hod'of ftMng a programmabte imc^odectriduc defvice^ Hbt method 



idf: 

dqk^tmg an dedrode matan&l l^er ovtriying the icm cGnductoi stroctor^ 

V-' 

. . . . 52. . - lAt inelhod of claiin 51, ivherdn the step of forming an ion conductor 
16 stixiitliire ti^]!^^^ 
' ■ IfeSd- 

53. A mediod of ibrdung an electronic device^ the inethod con^krising the steps 

of. 

;I5 : foradir^afii^cjectiodcona 

dbpo^tiii^ a first inflating layer over a surface of a the furst electrode; 

ib^tiuiig a Via in the first insiilating layer; 

depdsitiiig a $6c6nd insulating material imthin a ;k>ttion oif thie via; 

de{K>aalitig kin conductor matedal ivithtn a poiltoa of the via; and 
-20 foiMng' B secbiid electrode overlying the ion condoctor. 

54. Ite li^bihod of forming an eleiDtronic device of claim 53, ivheiein the step of 
depositihg idh cbiiddact&r n&dtoial conqwrises the step of dosing the ion conductor material 
v»iiifamaViai^^ 

di^i^^^lfigi jsti^B^ 

56. The method of forming an electronic device of claim 53, wh^ein the stq> of 
30 dc^o^titig ah ion ccfbdutlor madcarial comprise^ fonning a coitfoimal layer of ion conductor 
matedal 
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. tli^ isi^thod of fohnmg dectibnic device of daim 53, fivlhier 
tiib' step of ttincbviiig a |>6ltibii of the ion condnctor material from a ^lir&ce of the first 

56. A method of foiioibg a nmhi-cdl programmable device, the method 

iStipaofi . .. 

foynoQiDg A first dectfbdd ofi a fiiiiface of a substrate; 
/foritdUg a fii^ ion amdutkoi poittcm overiyiog the first eleclrode; 
fonnmg a sec^bod dfcttoode overiy^ 

. ibfifting a sdbcjbd ifSH dsnductor pc&rtion overiying the second dectrod^ and 
f(^iimd]g a tidrd electrode ovitflTmg the seciODd ion conductor portioiL 



59. :A method of forming a glass compo^on, the method comjHiang the steps 



sidectiidg 2^ ampo≤ 

clcSahiiig tte a!lx^pciuie u^g bydtofhKnic ad^ 

drying the aiB|>oule for about 24 to about 1 20 hoCirs at about 120 

evacuating the aliq[)6u]e; 

heatmg the ampoule iint^ 

filliiig tbe ampoule vndh a dbarge; 

heating the antpoule to a tenq^erature below the melting temperature of the 
glass cons^hieot^ 

j'aidpiDg the teifttper a t n re at a rate of about 0.5 degrees per nmmte to a 
•tmpmAxxxe abool 50 higher than the fiijaidus teoDperatUre of the glas^ iuid 

sldtv xockifljgf the glass cb%i0^iCHi ait a rdte oJf d)olit 2<) per itainute for a 
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